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Abstract Objective evaluation of surgical skills is
essential for an arthroscopic training system. We asked
whether a quantitative assessment of arthroscopic skills
using scores, time to completion, instrument tip trajectory
data, and force data was valid. We presumed more expe-
rienced surgeons would perform better on a simulated
arthroscopic procedure than novices, therefore validating
the quantitative assessment. Surgical trainees (n = 12),
orthopaedic residents (n = 12), and experienced arthro-
scopic surgeons (n = 6) were tested on a Sawbones™ knee
simulator. Subjects performed a joint inspection and
probing task and a partial meniscectomy task. The trajec-
tory data were measured using an electromagnetic motion
tracking system and the force data were measured using a
force sensor. The experienced group performed both tasks
with higher scores and more quickly than the less experi-
enced groups. The path length of the probe and the scissors
was substantially shorter and the probe velocity was con-
siderably faster in the experienced group. The trainee group
applied substantially stronger forces to the joint during the
joint inspection and probing task. Our data suggest a
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performance assessment using an electromagnetic motion
tracking system and a force sensor provides an objective
means of evaluating surgical skills in an arthroscopic
training system.

Introduction

Arthroscopic surgery has become more common among
patients and orthopaedic surgeons in recent years. This
surgical technique offers benefits of less trauma, reduced
pain, and quick recovery for patients. Diagnostic accuracy
and therapeutic efficacy are major characteristics of this
technique. However, arthroscopic procedures demand
highly developed psychomotor skills, because observation
of the field is limited and the ability to manipulate instru-
ments is less than in traditional open surgery. Surgeons
must be able to perceive a three-dimensional environment
from a two-dimensional camera image and handle the
equipment skillfully. Therefore, it is important for arthro-
scopic trainees to improve their surgical skills and
understand their skill levels objectively to safely and
effectively perform arthroscopic surgery.

Arthroscopic training and skill assessment with cadav-
ers, animals, or direct observation are limited because
of ethical restrictions and low availability [3, 10, 16].
Therefore, numerous investigators have developed virtual
reality simulators for arthroscopy [1, 2, 4, 6, 8,9, 12, 15]. A
knee arthroscopy instructional course has been available at
the Kyushu University Training Center for Minimally
Invasive Surgery since 2005. A critical challenge for sur-
gical education is to objectively evaluate the skill levels of
surgical trainees [2, 8, 9, 12, 15]. Assessing the instrument
tip trajectory reportedly is useful in training for laparo-
scopic surgery [5, 11]. Measurement with a force and
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torque sensor is similarly useful to evaluate skills in
endoscopic sinus surgery and laparoscopic surgery training
[13, 14, 19].

We asked whether quantitative evaluation using these
scores (ie, the score representing the number of figures
touched in the time limit in a joint inspection and probing
task, and the scores from a partial meniscectomy task),
time to completion, instrument tip trajectory data, and force
data would be useful to distinguish levels of skill in
arthroscopic surgery. We hypothesized more experienced
surgeons would have better motor performance in a sim-
ulated arthroscopic procedure than individuals with less
experience with the technique.

Materials and Methods

We identified three groups of volunteers with different
stages of arthroscopic skills. Group 1 consisted of surgical
trainees who had observed but had not performed any ar-
throscopies (n = 12), Group 2 consisted of orthopaedic
residents with 10 to 20 cases of actual arthroscopic opera-
tions (n = 12), and Group 3 were experienced arthroscopic
surgeons (n = 6). All performed two kinds of simulated
arthroscopic tasks. Quantitative data of scores, time to
completion, instrument tip trajectory, and surgical force
were obtained and differences among the three groups were
examined. The parameters with a difference in accordance
with the surgical skills were regarded to be valid in distin-
guishing levels of arthroscopic surgical skills. A power
analysis was performed based on the path length data of the
arthroscope in our preliminary research (a difference in the
mean = 2200 mm, the standard deviation = 1500 mm,
significant level = 0.05, and power = 0.80) to indicate a
sample size of 9.7 in each group could address the questions.

We used an electromagnetic motion tracking system to
measure the path length and velocity of the arthroscope and
probe and scissors. The Aurora measurement system
(Northern Digital Inc, Waterloo, Canada) is designed to
calculate the position and orientation of sensor coils
(Fig. 1). The field generator creates an electromagnetic
field with a characterized volume of 500 mm x 500
mm x 500 mm. Sensor coils react to the electromagnetic
field and produce signals. The sensor interface unit trans-
mits the signals to the system control unit. The system
control unit calculates the position and orientation of the
sensor coils based on these data and communicates the
results to the host computer. The system can determine five
degrees of freedom for each sensor coil tool except the
rotation around the sensor coil’s z-axis. It has a maximum
measurement rate of 45 Hz if measured with five or less
sensor coils. In this experiment, we attached the sensor
coils to the shaft of the operative instrument.

Fig. 1 An electromagnetic measurement system is shown. The field
generator creates a measurement volume of 500 mm x 500 mm x
500 mm. Sensor coils are attached to the surgical instrument.

We used a force analysis system to estimate the degree
of surgical forces administered during operative proce-
dures. The six degrees of freedom force sensor (Nitta Co,
Osaka, Japan) provides three force measurements along
three orthogonal axes and three torque measurements along
the same axes. It is connected to an interface unit, which
consists of an analog-to-digital converter and an amplifier.
This interface unit is connected to the host computer. The
sensor detects values (forces F,, Fy, F,; torques My, M,,
M,) concurrently with a sampling frequency of 8 kHz and
outputs the data set every 125 ps. We fixed the force sensor
beneath the knee model in the training center (Fig. 2). Zero
point adjustment can be completed in approximately 5
seconds before the measurement. Once surgical forces are
loaded on the joint model, the output of the force sensor is
digitized and recorded by the host computer and then
shown in real time on a computer display. We used only
the data sets of three forces in this study because the load
center of surgical force, which was located in front of the
origin of coordinates, varied according to each procedure.

After orientation and 5 minutes of practice, subjects
performed two kinds of tasks designed to assess the core
psychomotor skills needed in arthroscopy. The tasks were
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Fig. 2 A six degrees of freedom force sensor is fixed beneath the knee
model. This sensor detects surgical forces loaded on the joint, providing
the data set of forces Fy, Fy, and F, and torques My, My, and M,..

performed using the Sawbones®™ knee simulator (Pacific
Research Laboratories Inc, Vashon, WA). Task 1 was a
joint inspection and probing task. Subjects handled the
scope and probe to touch the figures located variously in

Table 1. Results of Task 1

the joint. A total of 10 figures were placed. This task was
limited to 5 minutes. Task 2 was a partial meniscectomy
task. The amount of meniscus to be removed was indicated
with a line in advance and subjects performed the resection
along the line. An excessive resection was indicated with a
red line. Task 2 had a limit of 6 minutes. The score in Task
1 was the number of figures touched within the time limit.
Scores in Task 2 were graded as excellent, good, fair, or
poor for each skill regarding the adequacy of the amount
and smoothness of the margin in resection. The computer
calculated the following parameters: time to complete each
task, trajectory data of the tip of the surgical instruments,
and force data. We assessed three indices of force exerted:
(1) peak value; (2) average value; and (3) integration of the
absolute values.

To determine the differences in the continuous variables
(such as scores in Task 1, time to completion, instrument
tip trajectory data, and force data) among the three groups,
we used a one-way factorial ANOVA with Fisher’s pro-
tected least significant difference post hoc test. Differences
in the discrete variables (scores in Task 2) among the three
groups were determined by the Kruskal-Wallis test, Mann-
Whitney U test, and Bonferroni correction. Differences in
the motor performance on a simulated arthroscopic pro-
cedure, in accordance with subjects’ surgical skills, was
regarded as validation of the quantitative evaluation
method.

Results

The expert group obtained better scores (p = 0.014) than
the resident group, and the resident group obtained better
scores (p = 0.003) than the trainee group in Task 1
(Table 1). In Task 2, the expert and the resident groups

Parameter Group 1 Group 2 p Value Group 3 p Value

12 12 6
Score 25+26 63 £36 0.003"* 10£0 0.000”"*; 0.0147#
Time (seconds) 300 + 0 287.8 +22.9 0.292" 198.8 + 54.8 0.000""%; 0.000"*
Path length of the scope (mm) 7978 + 2604 6348 + 1239 0.043"% 3815 + 912 0.000”"%; 0.012"*
Velocity of the scope (mm/second) 26.6 £ 8.7 222+ 4.7 0.111" 215 £ 4.7 0.130""; 0.828"
Path length of the probe (mm) 1262 + 442 996 + 420 0.109" 485 + 134 0.001""%; 0.015™*
Velocity of the probe (mm/second) 13.6 £ 9.5 18.1 + 8.5 0.201" 27.1 + 4.1 0.003""%; 0.040"%
Peak force (N) 15.6 + 6.2 182 + 8.7 0.366" 117 +£ 43 0.279"; 0.074"
Average force (N) 34+ 1.0 33+ 1.1 0.652" 24 +0.5 0.049""%; 0.1027
Integration of force (N second) 1030 + 310 924.2 + 285.9 0.357" 455 + 139 0.000”"%; 0.0027*

Group 1| = surgical trainees; Group 2 = orthopaedic residents; Group 3 = experienced arthroscopic surgeons; mean =+ standard deviation;
*p value for the comparison of Groups 1 and 2; **p value for the comparison of Groups 1 and 3; Tp value for the comparison of Groups 2 and 3;

ISignificant difference.
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Table 2. Results of Task 2

Parameter Group 1 Group 2 p Value Group 3 p Value

12 12 6
Time (seconds) 360 £ 0 339.6 + 34.0 0.212" 208.5 + 75.7 0.004%; 0.045"%
Path length of the scope (mm) 2257 + 1066 4727 £ 1028 0.014"* 4894 + 1717 0.021""%; 0.785"
Velocity of the scope (mm/second) 93 +3.0 14.1 + 37 0.006™ 16.7 + 4.7 0.001""%; 0.174"
Path length of the scissors (mm) 12845 + 3032 10829 + 1522 0.042"+ 9661 + 1848 0.010™%; 0.3217
Velocity of the scissors (mm/second) 357 £ 84 32.0 £ 4.1 0.175" 334 £ 6.1 0.496™"; 0.658"
Peak force (N) 179 + 6.6 263 + 6.8 0.004™ 227 + 6.0 0.154™; 0.285"
Average force (N) 40+ 14 44+ 1.0 0.394" 44+ 1.0 0.427"; 0.9217
Integration of force (N-second) 1433 £ 493 1497 £ 395 0.741" 1372 £ 571 0.798"; 0.600"

Group | = surgical trainees; Group 2 = orthopaedic residents; Group 3 = experienced arthroscopic surgeons; mean =+ standard deviation;
“p value for the comparison of Groups 1 and 2; “"p value for the comparison of Groups 1 and 3; 'p value for the comparison of Groups 2 and 3;

j"Signiﬁcant difference.

obtained better scores than the trainee group in adequacy of
the resection (p = 0.003 for Group 1 vs 3; p = 0.029 for
Group 1 vs 2) and smoothness of the margin (p = 0.011 for
Group 1 vs 3; p=0.004 for Group 1 vs 2), but we
observed no difference in scores between the expert and
resident groups (Fig. 3).

The expert group completed the procedures more
quickly than the two less experienced groups in Task 1
(p = 0.000 for Group 1 vs 3; p = 0.000 for Group 2 vs 3)
(Table 1) and Task 2 (p = 0.004 for Group 1 vs 3;
p = 0.045 for Group 2 vs 3) (Table 2). We observed no
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Fig. 3A-B (A) Scores for adequacy of the resection in Task 2, the
meniscectomy task, are shown. The experienced surgeons (Group 3)
and the orthopaedic residents (Group 2) showed better (*:
p = 0.003; f: p = 0.029) performance than the surgical trainees
(Group 1). (B) Scores for smoothness of the margin in Task 2 show
Groups 2 and 3 obtained better (*: p = 0.011; §: p = 0.004) scores
than Group 1.

difference in the mean time needed for each task between
the resident and trainee groups.

In Task 1, the path length of the scope was shorter
(p = 0.012) in the expert group than in the resident group
and shorter (p = 0.043) in the resident group than in the
trainee group, whereas the velocity of the scope was sim-
ilar (p = 0.180) among the three groups. The path length
of the probe was shorter (p = 0.001 for Group 1 vs 3;
p = 0.015 for Group 2 vs 3) (Fig. 4A) and the velocity of
the probe was faster (p = 0.003 for Group 1 vs 3;
p = 0.040 for Group 2 vs 3) in the expert group than in the
two less experienced groups (Table 1). In Task 2, the path
lengths of the scope were longer (p = 0.021 for Group 1 vs
3; p = 0.014 for Group 1 vs 2) and the velocities of the
scope were faster (p = 0.001 for Group 1 vs 3; p = 0.006
for Group 1 vs 2) in the expert and resident groups than in
the trainee group (Fig. 4B) The path lengths of the scissors
in the expert and resident groups were shorter (p = 0.010
for Group 1 vs 3; p = 0.042 for Group 1 vs 2) than that of
the trainee group. The velocities of the scissors were
similar (p = 0.389) among the three groups (Table 2).

The integrated force values applied by the expert group
were lower (p = 0.000 for Group 1 vs 3; p = 0.002 for
Group 2 vs 3) in Task 1 than those applied by the two less
experienced groups (Table 1; Fig. 5). In Task 2, the peak
force applied by the resident group was higher (p = 0.004)
than that of the trainee group (Table 2). However, the
average (p = 0.613) and integration (p = 0.862) of the
force values were similar among the three groups
(Table 2).

Discussion

Advances in arthroscopic surgical technique have revolu-
tionized the diagnostic accuracy and therapeutic efficacy

@ Springer



550  Tashiro et al.

Clinical Orthopaedics and Related Research

Fig. 4A-B (A) The probe tip
trajectories of an experienced sur-
geon (dotted line) and a surgical
trainee (full line) for Task 1 are
shown. The probe path length of
the experienced surgeon is con-
siderably shorter and smoother
than that of the trainee. (B) The
scope tip trajectories of an expe-
rienced surgeon (thin line) and a
surgical trainee (thick line) in
Task 2 are shown. The experi-
enced surgeon manipulated the
scope more for better observation.

. An experienced surgeon: &

30 -

A surgical trainee : .

Y (mm)

An experienced surgeon: ———
A surgical trainee : —_

for intraarticular disorders [12, 17]. Although arthroscopic  study was designed to clarify whether quantitative evalu-
procedures demand highly developed psychomotor skills,  ation of arthroscopic surgical skills using scores, time to
the opportunity for orthopaedic trainees to learn those skills ~ completion, instrument tip trajectory data, and force data
is limited and a means of objectively evaluating the skill ~ was valid. We hypothesized more experienced surgeons
levels of surgical trainees has not been established. This  therefore would obtain higher scores, complete tasks more
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Fig. SA-B (A) The time-series data of the output of a force sensor
for a trainee are shown. Many large spikes are seen. (B) The force
data of an experienced surgeon show time to completion is shorter
and the forces are lower than those for the trainee.

quickly, and manipulate surgical devices more smoothly
without loading any excessive forces on tissues in a sim-
ulated arthroscopic procedure than individuals with less
experience, and this difference thus would validate the
objective evaluation method.

One of the limitations of this study was simulated
arthroscopic procedures were performed with Sawbones™
physical knee models. Fresh cadavers would be more
desirable to train and assess surgical skills of trainees
outside the operating room, however, ethical restrictions
and limited availability make use of cadavers difficult. To
assess improvement of actual surgical skills of a person, a
skill evaluation would be needed after he or she had gained
a certain amount of real surgical experiences. However, the
differences in motor performance depending on the real
surgical experience suggest the evaluation method is valid
and reliable. We had subjects perform only two kinds of
tasks to assess their arthroscopic skills, although there are
various situations and numerous techniques in arthroscopic
surgery. We believe a simplified method would be more
suitable for skill evaluation in surgical training than a
complex and time-consuming one. A convenient means of
discriminating surgical skills is needed in surgical
education.

The score on Task 1 increased according to the surgical
experience of the subjects. The score on Task 2 discrimi-
nated the more experienced two groups from the less
experienced group. Previous studies suggest scoring sur-
gical performance on simulated tasks is useful to assess
surgical skills [7, 11, 15].

The experienced group performed both tasks more
quickly than the two less experienced groups. Time to
completion has been a popular parameter to evaluate sur-
gical skills in arthroscopic and endoscopic training [2, 8,
12, 15, 18], although it cannot clarify the details of psy-
chomotor skills in which the trainee lacks. These results of
score and time data support the hypothesis that individuals
with more experience in performing actual arthroscopic
procedures also will perform better in simulated tasks.

An analysis of the trajectory data suggests experts
manipulate the probe more smoothly and quickly than less
experienced surgeons. Compared with experienced sur-
geons, the trainees had more unnecessary movements of
the scissors. Similar results were reported in an evaluation
study with a virtual reality simulator for shoulder arthros-
copy. In that study, the probe path length of specialists was
less than half as long as that of novices with no prior
experience, and also shorter than that of residents with
some experience [2]. Gomoll et al. also reported the probe
velocity of specialists was almost double that of novices
[2]. Another study with a shoulder arthroscopy simulator
reported probe path lengths of experienced surgeons were
shorter than those of trainees and residents [12]. A shorter
path of the scope during a joint inspection and probing
task, depending on surgical experience, suggests smooth-
ness in handling the scope by more skillful surgeons. A
validation study for a knee simulator suggested more
experienced surgeons had substantially shorter scope path
lengths during a loose body searching task, which required
similar techniques as our joint inspection and probing task
[9]. In Task 2, however, the positional data of the scope did
not match this tendency. This suggests an increased tra-
jectory of the scope does not mean more unnecessary
movement in a task such as a meniscectomy, which
demands different procedures from the joint inspection
task. In fact, with Task 2, experienced surgeons tended to
change their vantage points with freedom to make the
meniscectomy work easier (Fig. 4B).

Force analysis is reportedly valuable to assess interfer-
ence between surgical tools and tissues [13, 14, 19]. A
previous study using a force sensor for an endoscopic sinus
surgery training system proposed the peak as the instan-
taneous strong force, the average as the average force on
the tissue, and the integration as the total force on the tissue
during the tasks [19]. We found the integration of force by
the two less experienced groups to be higher than values of
experienced surgeons in the joint inspection and probing
task. These forces were believed unnecessary, because the
experienced surgeons used no such excessive forces. The
use of excessive force might cause damage to the articular
cartilage and soft tissues. However, force indices for Task
2 showed no differences between experienced surgeons and
the two less experienced groups. The difficulty in
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distinguishing harmful from harmless contact would be the
reason for this result. In one study, high force magnitudes
were applied by novice surgeons in comparison to expert
surgeons while performing tissue manipulation and vice
versa in tasks involving tissue dissection [14]. Even useful
manipulation of tools, such as repetitively cutting the
meniscus, was detected as a harmful contact with the tis-
sue, because the force sensor fixed beneath the joint model
sensed the entire power loaded to the joint. A study eval-
uating a virtual reality simulator for shoulder arthroscopy
also reported some of the useful probe contacts were
potentially harmful collisions [15]. A force analysis system
is required to improve the discrimination to resolve this
problem.

It is important to assess the skill levels of surgical
trainees. An objective evaluation system helps surgeons
understand their degree of improvement and which tech-
nique they need to improve. We found score and time to
task completion clearly discriminated the performance of
the operators depending on their surgical experience. The
path lengths of the probe and scissors by the experienced
surgeons were shorter than those of the less experienced.
The force analysis system detected excessive interference
between the surgical tools and tissues for the joint
inspection and probing task. Our data suggest this quanti-
tative method of evaluating arthroscopic surgical skills
using scores, time to completion, an electromagnetic
motion tracking system, and a force sensor distinguish the
level of surgical skill in an arthroscopic training system.

Acknowledgments We thank Shuichi Matsuda, MD, PhD
(Department of Orthopaedic Surgery, Kyushu University), Makoto
Hashizume, MD, PhD, and Kazuo Tanoue, MD, PhD (Department of
Advanced Medical Initiatives, Faculty of Medical Sciences, Kyushu
University), for assistance with this study, and we thank Munechika
Misumi (Department of Medical Informatics, Kyushu University
Hospital) for help with the statistical analysis.

References

1. Cannon WD, Eckhoff DG, Garrett WE Jr, Hunter RE, Sweeney
HJ. Report of a group developing a virtual reality simulator for
arthroscopic surgery of the knee joint. Clin Orthop Relat Res
2006;442:21-29.

2. Gomoll AH, O’Toole RV, Czarnecki J, Warner JJ. Surgical
experience correlates with performance on a virtual reality sim-
ulator for shoulder arthroscopy. Am J Sports Med. 2007;35:883—
888.

@ Springer

10.

12.

14.

15.

16.

17.

18.

19.

. Grechenig W, Fellinger M, Fankhauser F, Weiglein AH. The

Graz learning and training model for arthroscopic surgery. Surg
Radiol Anat. 1999;21:347-350.

. Heng PA, Cheng CY, Wong TT, Wu W, Xu Y, Xie Y, Chui YP,

Chan KM, Leung KS. Virtual reality techniques: application to
anatomic visualization and orthopaedics training. Clin Orthop
Relat Res. 2006;442:5-12.

. Leong JJ, Nicolaou M, Atallah L, Mylonas GP, Darzi AW, Yang

GZ. HMM assessment of quality of movement trajectory in
laparoscopic surgery. Comput Aided Surg. 2007;12:335-346.

. Mabrey JD, Gillogly SD, Kasser JR, Sweeney HJ, Zarins B,

Mevis H, Garrett WE Jr, Poss R, Cannon WD. Virtual reality
simulation of arthroscopy of the knee. Arthroscopy. 2002;18:E28.

. Martin JA, Regehr G, Reznick R, MacRae H, Murnaghan J,

Hutchison C, Brown M. Objective structured assessment of
technical skill (OSATS) for surgical residents. Br J Surg.
1997;84:273-278.

. McCarthy A, Harley P, Smallwood R. Virtual arthroscopy

training: do the “virtual skills” developed match the real skills
required? Stud Health Technol Inform. 1999;62:221-227.

. McCarthy AD, Moody L, Waterworth AR, Bickerstaff DR.

Passive haptics in a knee arthroscopy simulator: is it valid for
core skills training? Clin Orthop Relat Res. 2006;442:13-20.
Morris AH, Jennings JE, Stone RG, Katz JA, Garroway RY,
Hendler RC. Guidelines for privileges in arthroscopic surgery.
Arthroscopy. 1993;9:125-127.

. Munz Y, Kumar BD, Moorthy K, Bann S, Darzi A. Laparoscopic

virtual reality and box trainers: is one superior to the other? Surg
Endosc. 2004;18:485-494.

Pedowitz RA, Esch J, Snyder S. Evaluation of a virtual reality
simulator for arthroscopy skills development. Arthroscopy.
2002;18:E29.

. Rosen J, Hannaford B, MacFarlane MP, Sinanan MN. Force

controlled and teleoperated endoscopic grasper for minimally
invasive surgery: experimental performance evaluation. /EEE
Trans Biomed Eng. 1999;46:1212-1221.

Rosen J, Hannaford B, Richards CG, Sinanan MN. Markov
modeling of minimally invasive surgery based on tool/tissue
interaction and force/torque signatures for evaluating surgical
skills. IEEE Trans Biomed Eng. 2001;48:579-591.

Srivastava S, Youngblood PL, Rawn C, Hariri S, Heinrichs WL,
Ladd AL. Initial evaluation of a shoulder arthroscopy simulator:
establishing construct validity. J Shoulder Elbow Surg.
2004;13:196-205.

Voto SJ, Clark RN, Zuelzer WA. Arthroscopic training using pig
knee joints. Clin Orthop Relat Res. 1988;226:134—-137.
Yamaguchi K, Ball CM, Galatz LM. Arthroscopic rotator cuff
repair: transition from mini-open to all-arthroscopic. Clin Orthop
Relat Res. 2001;390:83-94.

Yamaguchi S, Konishi K, Yasunaga T, Yoshida D, Kinjo N,
Kobayashi K, Ieiri S, Okazaki K, Nakashima H, Tanoue K,
Maehara Y, Hashizume M. Construct validity for eye-hand
coordination skill on a virtual reality laparoscopic surgical sim-
ulator. Surg Endosc. 2007;21:2253-2257.

Yamauchi Y, Yamashita J, Morikawa O, Hashimoto R, Yokoyama
K. An endoscopic sinus surgery training system for assessment of
surgical skill. Stud Health Technol Inform. 2004;98:416-418.



	Evaluation of Skills in Arthroscopic Training Based on Trajectory and Force Data
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


